Background and Objective(s): The role of robotic reinforcement has gained prominence in the movement science literature. Both reward-and error-based learning have shown the potential to accelerate movement learning in adults. The benefits for very young infants are unclear, particularly for infants with brain insult, such as with cerebral palsy (CP). The key assumption of these approaches is that the individual understands the end-point of the task and has an intact feedback mechanism, further raising questions about their effectiveness with this population. This study examined the effects of robotic assisted, reward-and error-based movement learning in promoting selfinitiated prone locomotion in very young infants. We hypothesized that, for infants, a combination of reward-and errorbased training experience is more likely to promote goal directed prone locomotion than reward-based training alone. Study Design: Repeated measures experimental design with 3 groups. Infants at risk for CP were randomly assigned to the experimental (reward-and error-based, or SIPPC-E), or comparison condition (reward-based, or SIPPC-C). The third group of infants at low risk for CP (TD) was assigned to the SIPPC-C condition (SIPPC-C TD). Study Participants & Setting: Thirty one infants, 4.5-7 months old with or without risk for CP participated. Training was implemented in the infants' homes. Materials/Methods: We used the self-initiated prone progression crawler (SIPPC), an assistive robot designed for the dual purposes of influencing and measuring movement effort, to train infants during prone locomotion. Training and measurement of performance occurred twice a week for 12 weeks. The SIPPC system gathered kinematic infant limb movement performance data and distance travelled. Coded training sessions provided behavioral data. We compared changes in the frequency of goal directed movements, distance travelled, and kinematic arm and leg movements within and between the groups, using randomized three-way ANOVA with repeated measures. Results: Goal directed prone mobility increased by 7-9 and 10 -12 weeks in infants in SIPPC-C TD (p=025) and SIPPC-E conditions (p=0.016), respectively, but not in SIPPC-C group (p=1.0). Similarly, mean distance travelled increased for the SIPPC-C TD group (p=0.0001) and SIPPC-E group (p=0.024) but not SIPPC-C (p=0.2). A similar pattern was seen in 16 kinematic arm and leg movements. Conclusions/Significance: The findings suggest that reward-based movement learning alone may be insufficient to enhance movement learning in infants at high risk for CP, but that adding error-based components to reinforcement learning may. Understanding movement learning in infants with CP is paramount in designing appropriate interventions. A larger sample is needed to further explore this topic as well as the contributions of cognition and dosing.
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Kinematics to assess learning changes during robotic rehabilitation in children with hemiplegic cerebral palsy Background and Objective(s): Rehabilitation Robotics (RR) has become a more widely used and better understood treatment intervention in the last 10 to 15 years. These highly repetitive, task-specific RR interventions have become more prevalent in the clinical setting, yet remain under-utilized as assessment tools. Traditional rehabilitation research involves pre and post-test outcomes with very little data gathered continuously; making it hard to analyze changes in behavior throughout the treatment process. Harnessing kinematics captured throughout each RR session facilitates quantifying the learning process occurring during rehabilitation. As a result, rehabilitation scientists and clinicians can accurately answer questions of dosing in both robotic settings and beyond. Study Design: Randomized Controlled Trial. Study Participants & Setting: Twenty-one subjects (ages 4-11; 11 male, 10 female) with diagnoses of hemiplegic cerebral palsy were enrolled in the study and participated in upper extremity RR using the MIT-Manus Shoulder-Elbow Robot. Materials/Methods: Subjects completed 16 intervention sessions of RR (2 x week; 8wks) with a total of 1024 repetitions of movement per session. Movements consisted of a robotguided planar reaching task. Repetitions were divided into 3 treatment blocks of 320 repetitions and 4 assessments of 16 repetitions each. In addition, subjects complete pre-, post-, and 6-month follow-up assessments. The intervention was delivered either by a sequential presentation of targets (n=9) or by a non-sequential presentation (n=12). During each assessment and within each intervention, subjects completed "one-way record" assessments tracking subject performance on a planar task without robotic assistance. Kinematics (movement time) from these records were extracted to assess subject performance over the course of sessions and within sessions. Average movement times and the differences in movement times between blocks of treatment were calculated; statistical analysis included ANOVAs. Results: A significant interaction was found between treatment day, block and group (p=0.033). Post-hoc analysis revealed no significant main effect for treatment days. Significant movement time differences were found between the three blocks of intervention within individual days (p=0.001). Specifically, significant differences were found between the last two one-way records each day which corresponded to the last block of treatment (p=0.032) and the first one-way record and last oneway record of the previous day (p=0.001). Conclusions/Significance: The results indicate that for children with hemiplegic cerebral palsy participating in upper extremity RR, the number of repetitions per session is important. We hypothesized that children's performance would plateau during a treatment day as attention waned; however, the opposite proved to be true. Despite the high-number of repetitions and associated cognitive demand, subjects' performance actually
